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Introduction

A botanic garden is essentially a museum of living plants. The word

"museum' is derived from the name of the Greek goddesses of learning

and the arts; thus a museum is a place devoted to the pursuit of such

studies. A botanic garden is primarily a place where plants are grown for

scientific study. But a garden differs from a museum in the fact that the

objects in it are living and growing, and thus need the attention of

horticulturists. Horticulture is in part applied botanical science: but it is

also in part an art, and the aesthetic aspects of horticulture therefore find

expression in any garden. But I would say that a garden cannot be accorded

the title 'botanic' unless it is a place where plant sciences of one kind or

another are studied, and where the results of such study are expressed

both in publications and in an arrangement and labelling, which conveys

information to visitors as well as aesthetic enjoyment. A park is a place

designed for recreation, not for study or education, and the plants in it are

selected and arranged solely for their aesthetic effect: here the horticulturist

alone has charge. Some of the older and smaller botanic gardens are now
in effect parks, and the distinction between botanic garden and park is not

generally understood by the public, sometimes also not by politicians. To
understand the present situation, one must look a little into the past.

History of Tropical Botanic Gardens

The principal interest in the early European botanic gardens (the first, at

Padua, Italy, dating from 1533) was medicinal plants. The study of such

plants in cultivation led to improved descriptions and illustrations being

published and thus to a wider interest in other plants and a gradual

development of botanical science. Plants from the New World were

introduced to such gardens from the late 16th century onwards, and also

carried across the Pacific to the Philippines by Spaniards, but tropical
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botanic gardens at which local and introduced species could be studied and

propagated were not founded until the 18th century. Apparently the earliest

was on the island of St Vincent in the West Indies in 1765. Its establishment

was due to interest in tropical plants by the Royal Society of Arts, and

probably in part to Kew, where the widowed Princess Augusta (mother of

King George III) began to develop a botanic garden in 1759 with advice

from the Earl of Bute who later acquired much influence with the young

King. The garden at St Vincent, like several other early tropical botanic

gardens (Calcutta, Bogor, Peradeniya) was under the control of a medical

man.

Soon afterwards the British initiative towards botanical exploration

and the establishment of tropical gardens passed to Sir Joseph Banks who
participated in Captain Cook's first great voyage of exploration

(1768-1771). On his return, Banks met the King, who asked him to take a

personal interest in the royal gardens (of which there were two, hence the

plural) at Kew. Banks had been impressed by the wealth of previously

unknown plants, which he saw in Australasia and the Pacific, and the need

for their study both for a fuller understanding of plant taxonomy and for

the establishment of information about those that were useful in many
kinds of ways. He used his great influence, as President of the Royal

Society for 43 years, to promote botanical exploration in various parts of

the world, introducing living plants of a great number of species to Kew,

whence they were distributed widely. He also promoted the collection of

dried botanical specimens, which would serve as a basis for study of plants

which could not be cultivated at Kew. The best-known example of transfer

of useful plants from one part of the tropics to another through the influence

of Banks is that of breadfruit from Tahiti to the West Indies. The first

attempt by William Bligh in The Bounty in 1787 failed. The second and

successful voyage of Bligh in 1793, on which many other plants were also

carried, is less well-known. Bligh's plants were received at the botanic

gardens in St Vincent and Jamaica, the latter established in 1775 through

the influence of Banks. An important example of botanical exploration

promoted by Banks is his engagement of Robert Brown as botanist on the

expedition under Captain Matthew Flinders for surveying the coast of

Australia (1801-1805). Brown's account of his collections, published in

1810, is a work of basic importance. Banks was also actively concerned

with botanical developments in India.

W.J. Hooker came to London in 1805, a young man of modest

independent means who wished to devote himself to the study of plants.

He was welcomed by Banks, through whose influence he was later (1820)

appointed Regius Professor of Botany at Glasgow. Banks died in 1820

and botanical exploration based on Kew ceased. In 1838, the Government
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appointed a committee to consider the future of Kew, under the

chairmanship of Professor John Lindley who, like Hooker, had owed his

early progress to the patronage of Banks. The result was that from 1841

Kew became a national botanical institution with Hooker as its first

Director, and the tradition of Banks was revived there. During the period

1820-1841, Hooker had been in close contact with botanical exploration in

many parts of the world and had accumulated a large herbarium, also a

collection of specimens of useful plants. His advice was sought by the

Admiralty and by the Colonial Office, where the need for knowledge

about plants in remote parts of the world was a spur to action. At Kew,

Hooker and successive Directors were recognized as official advisers in all

such developments, and this process continued until the period of

decolonization from 1950 onwards. I owed my appointment as Assistant

Director of Gardens, Straits Settlements, in 1922 to the recommendation

of Kew, and Kew has remained my headquarters until the present time.

Thus Kew was concerned with the establishment of gardens at many
places in the tropics, received from all of them living plants, especially of

useful and ornamental kinds, and effected an exchange of such plants from

one part of the tropics to another. Publication of various kinds on the

culture of these plants was effected locally, dependent on the more or less

active interest of those in charge of the gardens and the local government

officials, and also through Kew.

Kewwas also concerned to accumulate information about other native

plants with a view to the preparation of local floras. This information was

largely gathered from dried specimens, beginning with the personal

herbarium of William Hooker (estimated at one million specimens) and of

his friend, George Bentham, who wrote the first British colonial flora:

Flora Hongkongensis (1861). The colonial gardens were thus also asked to

take an interest in the local plants, which were not cultivated, the most

important of which were forest trees, and to despatch specimens and other

information to Kew. In this way, colonial botanic gardens became centres

of local knowledge on horticulture, agriculture, forestry and taxonomic

botany, and in many cases they were the centres where local departments

of agriculture were later established.

The two most important botanic gardens in tropical Asia, at Calcutta

and Bogor, had a different history. The Calcutta garden was first established

by the East India Company for the cultivation of teak trees, important for

shipbuilding, in 1787. It began to serve wider purposes with the appointment

of William Roxburgh as Superintendent in 1793. Roxburgh had been in

the medical service of the East India Company at Madras since 1776 and

there met J.G. Koenig who had been a pupil of Linnaeus. He thus became

interested in native plants and wrote the first Flora Indica, but he was also
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interested in the culture of useful plants, native and otherwise, and

introduced nutmegs and cloves from the Moluccas to Penang. While still

at Madras, he engaged artists to make coloured illustrations of many local

plants and a selection of 300 of these were published in London through

the interest of Banks in three large folio volumes, as the Plants of the

Coast of Coromandel. Nathaniel Wallich, who succeeded Roxburgh in

1815, organized the collection of native Indian plant specimens over a

much wider area, and also in Singapore in 1822, accumulating a very large

herbarium from which many duplicates were distributed. This is still an

important basis for the taxonomy of Indian plants. During one of Wallicrfs

absences from Calcutta, William Griffith took charge and also travelled in

Burma and the Malay Peninsula. He used a microscope and made the first

detailed morphological observations on many plants; these were published

after his death (at the age of 35) in 1845. The last active Superintendent at

Calcutta was George King (1871-1898). He made the first monographic

studies of Indian plants; his work on Ficus included the first thorough

study of the process of pollination in that genus. He established the

Botanical Survey of India in 1891.

The botanic garden at Bogor in Java was established by C.G.

Reinwardt in 1817; he was also Director of Agriculture, Arts and Sciences.

A Kew-trained horticulturist, James Hooper, who happened to be in Java

owing to a shipwreck, was appointed as first Curator, and remained until

1830. Reinwardt also promoted local botanical collecting. He left Java in

1822 and was succeeded as Director by C.L. Blume from 1822-1826 in

which short period Blume undertook much botanical collecting and hastily

wrote descriptions of a large number of new species. After leaving Bogor

he became Director of the Rijksherbarium at Leiden, publishing more

detailed and beautifully illustrated descriptions of many plants from Java.

At Bogor, the post of Director was abolished and the Garden was

maintained by J.E. Teysmann, Curator, from 1831-1867. He travelled

widely and introduced a large number of plants to Bogor, where he arranged

them systematically. The result is that Bogor now has incomparably the

finest collection of woody plants to be found anywhere in the tropics. In

1880, Melchior Treub became Director and began modern scientific

botanical studies. He built a laboratory for visiting botanists in 1885, in

which 250 people worked for varying periods during the next fifty years.

Treub also founded other research institutes, which would be needed for a

department of agriculture. Such a department was founded in 1905 with

Treub as its first Director, but, after he retired in 1910, the research institutes

at Bogor became separated from the Department. Active botanical study

of various kinds has continued in which the living plants of the garden

have an important part, and the large herbarium of specimens from all
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parts of Indonesia is of basic importance for the continued production of

Flora Malesiana. Both garden and herbarium are now parts of Lembaga
Biologi Nasional.

Two other gardens in SE Asia have also been important and need

some further comment. The Peradeniya garden in Sri Lanka was established

in 1822. Active botanical study there began with the appointment of

George Gardner as Director in 1844, followed by G.H.K. Thwaites in

1859. From then onwards active floristic study of native plants continued,

also the introduction, through Kew, of exotic plants, among them Cinchona

and Para Rubber. H.J. Trimen, who succeeded Thwaites, established a

laboratory for visiting botanists in 1888. After retiring, he wrote a Flora of

Ceylon. The next Director, J.C. Willis, initiated modern botanical studies

of various kinds, but after his retirement in 1911 the Garden was made the

base of a new Department of Agriculture and purely botanical work ceased,

apart from Petch's work on fungi until 1925 and Alston's work as systematic

botanist from 1925-1930.

The garden in Singapore was effectively established in 1874 when
the Government took over the garden started by a local society. H.J.

Murton, trained in horticulture at Kew, was sent to take charge and received

the first plants of Para Rubber. He was energetic but unstable and was

replaced by Nathaniel Cantley in 1880. Cantley had training in forestry

and had the title Superintendent of Gardens and Forests, Straits Settlements.

He established the first forest reserves in Singapore, Malacca and Penang,

and the Garden at Penang in 1884, the latter primarily as a forest nursery.

Charles Curtis, Curator of the Penang Garden, had been a collector of

ornamental tropical plants for the firm of Veitch, and laid out the garden

with an eye to landscape effect. He was much interested in local plants of

all kinds, and helped H.N. Ridley, who succeeded Cantley in 1888, by

collecting specimens in Penang and elsewhere in the north of the Peninsula.

He was the first person to introduce Congea to cultivation. Ridley (at

Singapore 1888-1911) was a man of enormous energy who did an immense

and very varied work. He is best known for his pioneer experiments on

tapping Para rubber trees, which were the beginning of the plantation

rubber industry in Malaya, but he studied and wrote extensively also about

the useful plants of Malaya, including forest trees, and undertook much
botanical field work on which he largely based the Flora of the Malay

Peninsula which he wrote after retirement. During his service, the

Departments of Agriculture and Forests were established at Kuala Lumpur
but botanical activity continued at Singapore instead of being suppressed

as at Peradeniya. Penang was always complementary to Singapore where

a considerable herbarium and library were accumulated; Penang was a

base for observation of the plants in northern Malaya and their behaviour
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in a climate distinctly different from that of Singapore. When Penang

became part of the Federation of Malaya, the Garden there was separated

from its headquarters and there was no local scientific base to which it

could be affiliated. The collections of interesting local plants brought

together with much care by Mr Cheang Kok Choy received no official

recognition. The local Government appeared to regard the Garden merely

as a park for recreation, not for study or educational purposes.

Future of Tropical Botanic Gardens

It is thus appropriate that this Symposium is held at Penang, where the

question of the future of a tropical garden is of immediate concern. I

suggest that a botanic garden must be equipped as a research institute in

its own right, or be closely affiliated with such an institute. All university

departments of botany have the need to cultivate plants for experiment

and for teaching material, and the botanic gardens of Europe are, in many
cases, affiliated to or constituent parts of universities. Tropical gardens

were started before local universities, but universities have now been

established and I suggest that formal connections of some sort between the

two are needed for the good of both. A garden cannot be called botanic

unless it is associated with a research institute and a library.

The nature of the study undertaken at any one garden must be limited

and will vary according to local circumstances and local climate. Though
much of it, under university auspices, will be purely scientific, some of it

may have a practical aim, or yield results of practical importance. There is

much more to be discovered about the possible uses of tropical plants;

and, for purposes of exploitation, breeding and selection involving

cytotaxonomic study are necessary. Basic studies could be planned to

facilitate such processes. And it must always be remembered that

horticultural skills and experience are necessary for success in producing

healthy well-grown plants. Different plants show many kinds of adaptation

to the environment and may need different cultural treatment; plants never

previously cultivated may present new problems. Plants vary also very

greatly in their response to different methods of vegetative propagation.

So an experienced horticulturist is needed to take charge, and should have

adequate status. Some experimental work in a garden may well concern

horticultural problems. There is still much to be learned about every

aspect of tropical plants. There is room for research on quite simple

horticultural processes such as the preparation of potting composts suited

to different climates. The development of the burnt earth technique in

Singapore as an adaptation to a climate of heavy rainfall is worth some
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critical experimental study.

Basic to all other studies of plants is a good taxonomy. Though the

taxonomy of plants native in most temperate latitudes is now well

understood, that of many tropical plants is not, and there is still need for

taxonomic study in tropical botanic gardens. This is not well understood

by many academic botanists, for which reason I am impelled to make a

statement upon it, based on my own experience. Until the second half of

the 19th century, taxonomy was the principal botanical study in Europe.

During that century, anatomical and then physiological studies gradually

developed and rightly led to the idea that the limited observations of

taxonomists were very inadequate for a good understanding of plant biology.

The new men wanted "scientific
,,

botany. So far as European plants were

concerned, a fairly full taxonomic knowledge had by then developed, but

the new scientific botanists did not understand that this was not true of

tropical plants. They wrongly concluded that taxonomy was unscientific

and ceased to study it. When I was a student at Cambridge, it was clearly

indicated to me that taxonomy was an inferior discipline, and I was a little

ashamed of my interest in it.

When I went to Singapore in 1922, I had to use Ridley's taxonomic

works in order to identify some of the plants which 1 saw around me, and I

was appalled by the inadequacy and often inaccuracy of his descriptions. I

gradually realized that what was needed was a better taxonomy, and that

this was basic for all other studies of local plants. Since that time 1 have

devoted the main part of my sustained study to taxonomy, while trying

also to gather information about plants as living organisms.

Taxonomy has two objectives. One is to enable people to identify

species, and this is important because information about plants is attached

to species names, and is unreliable unless the names have a definite meaning.

The other objective is to understand the inter-relationships of species; the

recognition of natural genera, families and groups of higher order.

The need to produce descriptions from which species may be

identified necessitates the use, where possible, of easily observable

characters. It makes no sense to require the observation of chromosomes

as the first step towards the identification of an unknown plant, There are

in fact many easily observable characters in most plants, so that in practice

the process of identification to the species level can usually be completed

with the use of a hand lens. Academic botanists tend to think that unless

one can use the latest, most complex and most expensive equipment one is

not being really scientific. This is a main reason for despising taxonomy

but it is not a valid reason. You must first use a hand lens before you can

decide the meaning of what you see with an electron microscope. And
there is still much more structure to be seen at low magnifications then is
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realized by most botanists.

The plants of today are the result of a process of evolution: they

therefore have an inbuilt classification, and our problem is to find it. The
nearer a classification is to being natural, the nearer it is to expressing

phylogeny. The difference between traditional taxonomy and cladistics is

that cladists analyse the significance of their taxonomic judgements in a

precise way. This analysis can give no guarantee that the judgements are

correct, still less does it tell us whether a further set of characters might

have modified the result of the analysis.

Another consideration is that you cannot understand how to delimit

a genus until you have seen all the species. The binomial system established

by Linnaeus, which is still followed as a basis for naming species, was only

effective because Linnaeus had first learned to know a large proportion of

European plants thoroughly and could therefore judge their natural

relationships. But those botanists (including Linnaeus) who had to deal

with the few early discovered tropical plants could not make such a

judgement. This has led to many changes in generic concepts and to much
confusion in synonymy. To be acceptable according to the present Code, a

name must be a binomial, so that one has to assign the species to a genus,

whether or not one is well enough informed to do so. An intelligent 18th

century taxonomist describing previously unknown plants, wrote Anonymos
in place of a generic name for some of them because he was uncertain of

their genera, but this wise man's names are now declared illegitimate.

And because every species name is a binomial, morphologists and

experimental botanists tend to think that any species must be representative

of the generic name which it bears. A generic name (like any other name)

has only as much meaning, or as little, as the knowledge of a person who
uses it, whether orally or in print.

The nomenclature of ferns is much more confused than that of

angiosperms. In recent years, I have tried to make a survey of all species

of the fern genus Tectaria and its allies throughout Asia, Malesia and the

Pacific. One of these genera is Ctenitis, which was first distinguished as a

natural group by Christensen when he studied the species of tropical

America. But the botanists who first tried to distinguish the species of

Ctenitis in Asia did not look as critically as Christensen had done, and in a

recent survey of them all, I discovered that 48 species had been wrongly

assigned to that genus. Those species belong properly to nine other genera:

and the fact that various authors assigned them to Ctenitis indicates that

those authors had also no clear concepts of the other genera.

The angiosperms with which I am best acquainted are some
monocotyledons, especially bamboos, orchids and Zingiberaceae. I believe

that in general monocotyledons are more difficult to understand from dried



Tropical Botanic Gardens 135

specimens than dicotyledons and that therefore it is more necessary to

study them from living plants and thus most conveniently in cultivation.

This is because they have no secondary growth in thickness and therefore

their primary vegetative structures must be of great precision. The precise

branching of inflorescences and the arrangement and nature of bracts or

bracteoles are of great significance in Zingiberaceae, as shown by Valeton,

but ignored by earlier authors. These bracts are often of delicate structure

and closely overlapping, so that, it is difficult to see them clearly in dried

specimens. There is much still to be learned about the taxonomy of this

family in Malesia, especially in New Guinea. In orchids there is much
greater complexity in the structure of flowers, and, when the flowers are

quite small, the structures are delicate and not well observable when dried,

but inflorescence structures in some genera are not well understood, notably

in Dendrobium and Eria. In both families, there is still much to learn

about the delimitation of genera.

Bamboos can only be understood from a study of living plants, and

very few taxonomists have made any considerable such study. I learned

how to look at a bamboo by studying Gamble's great work on Indian

bamboos, but observation of Malayan species showed that some
modification of Gamble's generic concepts was necessary; and I believe

that no one has yet discovered how to distinguish genera from non-flowering

material. When I went to New Guinea in 1963, I decided to try to

understand the bamboos there; those already recorded had been named
and described only from fragmentary flowering specimens. 1 found that

the commonest small bamboo near Lae had been given two different names,

both certainly in wrong genera. 1 had to remove it from those genera and

transferred it to Bambusa, but it is aberrant in Bambusa and (along with

some allied species) needs further study.

The above comments are made to show that tropical taxonomy is

still in need of more study, and that such study is best undertaken from

examination of living plants, most conveniently from plants in cultivation

and therefore easily available over a period necessary to display all stages

of their development. The opportunity for making such study is still an

important function of tropical botanic gardens. This has been recently

demonstrated at Penang by the cytological studies in Universiti Sains

Malaysia of a collection of plants of Zingiberaceae at the Botanic Garden,

brought together there over several years from neighbouring areas by Mr
Cheang Kok Choy.

In view of the present widespread destruction of tropical forests, the

conservation of tropical plants of all kinds is of increasing importance.

Tropical botanic gardens are places where public attention may be drawn

to this subject. But cultivation of native plants in such gardens can do little
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towards conservation of species. The only practicable method is the

conservation of sufficient areas of natural forest, in which individual species

can find their natural habitats. Botanic gardens may do useful service by

cultivating limited range of species, but the total number is so large, and

their needs so varied, that to preserve them all in cultivation is not

practicable. The botanic gardens at Cibodas in Java and in Penang are

adjacent to areas of natural forest; the forest is an area where local species

are protected, and their presence adds to the value of the gardens, both for

research and public interest. Even the small area of natural forest within

the botanic garden in Singapore has this function and is being used by

local school teachers.

Early taxonomy was concerned with only a limited range of characters,

and it was some time before taxonomists realized that new observations

made by morphologists and anatomists might be pertinent to taxonomy.

There was some very inferior taxonomic work in the latter part of the 19th

century. But in more recent years taxonomists have taken a new range of

morphological and anatomical characters (including chromosomes) into

consideration. Every genus presents a different set of problems, and there

is endless opportunity for study of new kinds of characters, such as those

revealed by the scanning electron microscope. Cultivation together of a

group of allied species may lead to new insights. The selection of such

plants will depend on the interests of local staff members. I have indicated

above some structures needing investigation in orchids, bamboos and

Zingiberaceae. The maintenance of such a set of plants for comparative

study involves the concerned interest of a horticulturist. Living plants

cannot be left untended like specimens stored in a museum; unless someone

keeps a constant watch, some of them will soon be lost.

Floral biology is another study, which has many facets of

interest, relating to the development of flowers and their relationship to

pollinators, and is both of ecological interest and of practical significance

in plant breeding. There are many groups of tropical plants, which have

never been "improved" by scientific methods. The best edible tropical

fruits have been selected from time immemorial, for example, mangoes

and bananas, but modern methods of hybridization could produce radically

new developments. Why cannot a lychee be crossed with a rambutan?

Who can say what are the possibilities attainable by mangosteens with

other species of Garcinial New races of Malayan mangoes might be

produced by crossing good Indian varieties, which do not yield well here,

with native Malayan species of Mangifera. Such experimental work would

take years to accomplish, and considerable areas of ground, but if never

started, they will never be realised. There are really great possibilities.

With the selection of new woody plants, whether fruit trees or
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ornamentals, comes the necessity for vegetative propagation. In some

cases micropropagation is the best, or indeed the only method, as with

palms. Oil palms have now been propagated in this way, but I believe that

more work is desirable on both oil palms and coconuts, which together are

the most important sources of vegetable oils. Rattans are another important

group of palms, which are now receiving more attention, and

micropropagation might be valuable for them. But though wonderful new
plants may be produced, it is necessary to maintain stock of old ones, so

that further breeding may be possible. Botanic gardens are places where

such stocks may be preserved.

A feature everyone expects to see in gardens is flowers, and surely

botanic gardens should not neglect this. In north temperate regions there

is a considerable change of temperature through the year, and flowers

have been developed to suit the various seasons. Many of them, e.g. roses,

owe their present condition to breeding and selection over a long period of

time. In the tropics, little breeding for production of new flowers has been

done and climatic situations are different. There is no cold season and

seasonal change is due to the distribution of rainfall through the year. In

those areas where a long dry season prevails there is an obligate succession

of flowers, though different from that in temperate regions, but in areas

such as Malesia, dry seasons are short and sometimes inconstant, so that

some plants can flower throughout the year. The extreme case is Singapore

where there is no dry season and slight spells of dry weather occur

erratically. In such conditions, woody plants from strongly seasonal areas

sometimes fail to flower. In Singapore, we had a plant of Bougainvillea

which was introduced from Kew in 1889 but never flowered from that time

onwards (at least until 1954) though it grew quite strongly. Many other

woody plants introduced from seasonal parts of the tropics, whether natural

species or hybrid cultivars, proved useless for floral display. This was

equally true of orchids, in which family hybrids had been raised mainly for

cultivation in greenhouses in temperate latitudes. Most local orchids did

not flower continuously but only in response to casual slight climatic change

as, for example, the commonest epiphytic orchid Dendrobium crumenatum.

The big breakthrough in Singapore came in 1893 with the production of

hybrid Vanda 'Miss Joaquim', one parent of which was one of the few

perpetual-flowering local orchids. Vanda 'Miss Joaquim' proved perpetual

in flowering and stronger than its parent. The production of further hybrids

in Singapore from 1928 onwards based on strong-growing local species,

showed that other hybrids could be perpetual-flowering, and nearly all

hybrids were stronger in growth and more free flowering than their parents.

Orchid breeding since that time has resulted in the present situation: orchid

flowers are now the most abundant and most varied garden flowers in
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Singapore. It is my conviction that woody plants need the same treatment

if a better display of flowers is to be produced. The plants of the wet

tropics, apart from monocotyledons, are nearly all shrubs or trees: annual

or short-lived plants have no natural place. Garden plants of the wet

tropics grow throughout the year: why should they not also flower

throughout the year? Some such plants exist, for example, Plumeria. of

which there are now many hybrids, and Mussaenda in which genus hybrids

between Philippine and West African plants were developed at Los Banos,

and are now common in Malaysia. I suggest that experiments towards the

production of new hybrids in genera, which are productive of beautiful

flowers would not be out of place in a tropical botanic garden, and that

this, might be an important activity in the ever-wet tropics.

Most of the older tropical gardens were established at sea level, but

a few subsidiary gardens were added later at higher altitudes where a

different range of plants could be grown, notably at Cibodas in Java,

Hakgala in Sri Lanka and Darjeeling in northern India. There is much
room for further developments of this kind, possibly in relation to National

Parks, which are designed to conserve native mountain plants.

Botanic gardens in north temperate regions usually produce seed

exchange lists each year. But in Singapore there was no regular annual

production of seeds; plants mostly either produced seeds continuously or

not at all. Therefore we circulated a list which could be valid for a period

of years. I suggest that tropical gardens in general should do this. This

raises the question of seed banks. I am not sure whether such banks are of

value in the tropics where most plants are perennial in growth and flowering.

But if seed banks are attempted, there must be experiment to discover the

best means of preserving viable seeds of different kinds. Many seeds will

not withstand dry storage, and some tropical seeds have no resting period:

they either germinate at once, or die, as for example, durian seeds and

those of many dipterocarps, which are such important timber trees in

Western Malesia.

As regards the scope for physiological experiment on cultivated

tropical plants, there seem to be endless possibilities and I am no expert in

this field. But I do suggest that plants in tropical gardens might be more

used in experiments. Studies in the physiology of photosynthesis and

respiration in orchids and ferns have been undertaken in Singapore. I

should like to know how the pattern of growth in fronds of the family

Gleicheniaceae is controlled; it depends on the permanent dormancy of

the apical growth of some branches of the frond. Penang would be an

ideal place to conduct such experiments, as a range of different species,

with different growth patterns, are here native. No such studies have ever

been made.
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My last word concerns horticulture, to which I revert because without

good horticulture you would have no gardens. And in botanic gardens

you will need to grow new plants, which may require new treatment; the

job is not a routine one like that of a commercial nursery. You must give

your horticulturist, who is a professional man in his own right, some chance

to show his talents for display of plants. But I must add a warning to

horticulturists, sets of plants for record or study must be maintained as

separate individuals, not allowed to form a thicket in which individual

plants of different species merge with each other, This happened a few

years ago at Kew when horticulturists insisted on landscaping in which

many species of Selaginella were planted near together; most of them were

soon suppressed by the more vigorous ones and lost. Fortunately, someone

insisted on keeping a set of plants in pots in another place.

A botanic garden is primarily a place for the study of plants, and

horticulturists should remember this. John Smith, Kew's first Curator

(himself a very able horticulturists) wrote in 1866 in Ferns, British and

Foreign (p. 43): "my long experience has shown that as soon as scientific

arrangement in any family of plants is lost sight of, and showy cultivation

made the first consideration, a rapid loss of species is the sure consequence".
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